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In this letter, we will demonstrate that the breaking of supersymmetry by a non-anticommutative 
deformation can be used to generate the generalized uncertainty principle. We will analyze the physical 
reasons for this observation, in the framework of string theory. We also discuss the relation between the 
generalized uncertainty principle and the Lee–Wick ﬁeld theories.
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the supersymmetry has to be broken as suﬃciently large energy 
scales, and various mechanisms have been proposed for break-
ing of the supersymmetry at such scales [1]. A partial breaking of 
supersymmetry can also occur due to a non-anticommutative de-
formation of the original theory [2–6]. The non-anticommutative 
deformation of a theory has been motivated from the noncommu-
tative deformation of ordinary ﬁeld theories [7–10], where space-
time coordinates do not commute. As supersymmetric theories 
can be analyzed in superspace (which contains additional coor-
dinates with odd Grassman parity), it is possible to impose non-
anticommutativity on these coordinates with odd Grassman parity. 
In this case, the ordinary products of ﬁelds are replaced by a non-
anticommutativity Moyal product of ﬁelds. It is also possible to 
analyze a total breaking of supersymmetry by imposing a different 
kind of non-anticommutativity [11]. In this paper, we will demon-
strate that this non-anticommutative deformation will generate the 
generalized uncertainty principle for theories where all the super-
symmetry is broken.
It may be noted that the generalized uncertainty principle has 
been originally motivated by the existence of a minimum mea-
surable length scale in nature [12–18]. The existence of such a 
minimum measurable length can be proven from the physics of 
black holes. This is because the energy required to probe a region 
of space below Planck scale is less than the energy required to 
form a mini black hole in that region of space [19,20]. So, any at-
tempt to probe a phenomenon below Planck scale will lead to the 
formation of a mini black hole in that region of space, and this 
will prevent any measurement in that region. Furthermore, almost 
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SCOAP3.all approaches to quantum gravity predict the existence of such a 
minimum measurable length in spacetime. The string theory is one 
of the most interesting approaches to quantum gravity, and strings 
are smallest probes in perturbative string theory. So, it is not pos-
sible to probe spacetime below string length scale. Hence, string 
length acts as a minimum measurable length in string theory [21]. 
Even in loop quantum gravity, it is the existence of a minimum 
measurable length which turns the big bang into a big bounce 
[22]. However, the existence of such a minimum measurable length 
scale is not consistent with the usual Heisenberg uncertainty prin-
ciple, and so the usual Heisenberg uncertainty principle has to 
be generalized to a generalized uncertainty principle to incorpo-
rate the existence of such a minimum measurable length [12–18]. 
The deformation of the Heisenberg uncertainty principle also leads 
to a deformation of the Heisenberg algebra, and this in turn de-
forms the coordinate representation of the momentum operator. 
A covariant formalism of the generalized uncertainty principle has 
been used to deform the equations of motion of quantum ﬁeld 
theory, and the action for such deformed theories has also been 
studied [23–28]. In this paper, we will demonstrate that this de-
formation produced from the generalized uncertainty principle is 
exactly the same as the deformation which breaks all the super-
symmetry of a supersymmetric ﬁeld theory. Hence, the breaking of 
supersymmetry can be used as another motivation to study gener-
alized uncertainty principle.
A four dimensional supersymmetric ﬁeld theory with N = 1
supersymmetry is parameterized as (xμ, θα, θ¯ α˙ ), where xμ is a 
spacetime vector, and θα , θ¯ α˙ are the two component Weyl spinors. 
A free Wess–Zumino model can be deﬁned on this superspace as
S = 1
∫
d4xd2θd2θ¯ [¯ + ¯]. (1)
2
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S =
∫
d4x[A∂μ∂μ A¯ + i∂μψσμψ¯ + F F¯ ]. (2)
Thus, usual non-anticommutative deformation of the supersym-
metric ﬁeld theory occurs by deforming θα as 
{
θα, θβ
} = Cαβ , 
where Cαβ is a two-dimensional matrix which causes the defor-
mation of the theory [2–6]. Here θ¯ α˙ is not deformed. The super-
symmetric ﬁeld theory constructed on this superspace also gets 
deformed by this deformation of the superspace. In this deformed 
supersymmetric ﬁeld theory all the products of ﬁelds are replaced 
by the Moyal star product of those ﬁelds. However, recently a dif-
ferent kind of deformation of non-anticommutative ﬁeld theories 
has been constructed, and this deformation is deﬁned as [11]{
θα, θ¯ α˙
}
	
= ξCαα˙ . (3)
Here ξCαα˙ is again a two-dimensional matrix which causes this 
deformation, and ξ is related to scale at which supersymmetry 
will be broken. This deformation breaks all the supersymmetry of 
a four dimensional supersymmetric ﬁeld theory with N = 1 su-
persymmetry. It is useful to deﬁne |C | = 12Cαα˙Cββ˙αβα˙β˙ as the 
determinant of Cαα˙ . It is also possible to deﬁne a Molyar star prod-
uct corresponding to this deformation as,
f 	 g = f exp
[
ξ
2
Cαα˙
(←
Dα
→
D¯ α˙ +
←
D¯ α˙
→
Dα
)]
g
= f g + ξ
2
(−1)s f [(Dα f ) (D¯α˙ g)+ (D¯α˙ f ) (Dα g)]
− ξ
2
16
|C |
[(
D2 f
)(
D¯2g
)
+
(
D¯2 f
)(
D2g
)]
− ξ
2
8
Cαα˙Cββ˙
[
(D¯ β˙Dα f )(D¯α˙Dβ g)
+ (Dβ D¯α˙ f )(Dα D¯ β˙ g)
]
. (4)
The deformation of the free Wess–Zumino model can be written 
as
S = 1
2
∫
d4xd2θd2θ¯[ 	 ¯ + ¯ 	 ]. (5)
Now in the component form, the deformation of the free Wess–
Zumino model can be expressed as [11]
S =
∫
d4x
[
A(1− ξ2|C |∂ν∂ν)∂μ∂μ A¯
+ i∂μψσμ(1− ξ2|C |∂ν∂ν)ψ¯
+ F (1− ξ2|C |∂ν∂ν) F¯
]
. (6)
This is because  	 ¯ = ¯ + ξ2Cαα˙(Dα)(D¯α˙¯) − ξ
2
16 |C |(D2)×
(D¯2¯), and ¯	 = ¯ + ξ2Cαα˙(D¯α˙¯)(Dα) − ξ
2
16 |C |(D¯2¯)(D2).
We will demonstrate that the fermionic part of this deformed 
action will be exactly the same as the fermionic action de-
formed by the generalized uncertainty principle. We can write the 
fermionic part of this deformed action as
S = i∂μψσμ(1− ξ2|C |∂ν∂ν)ψ¯
= i∂μψσμ(1− β∂ν∂ν)ψ¯, (7)
where we have deﬁne a new parameter β as
β = ξ2|C | (8)The equation of motion for this fermion ﬁeld is given by
iγ μ∂μ(1− β∂ν∂ν)ψ = 0. (9)
It might be noted that this equation can also be produce by sub-
stituting
pμ = p˜μ(1+ β p˜ν p˜ν) (10)
in the following equation γ μpμψ = 0, where p˜μ = −i∂μ . Thus, we 
can write the coordinate representation of this modiﬁed momen-
tum operator as
pμ = −i∂μ(1− β∂ν∂ν). (11)
The coordinate representation of this modiﬁed operator is exactly 
equal deformation of the coordinate representation of the mo-
mentum operator is obtained by the following deformation of the 
Heisenberg algebra
[pμ, xν ] = iδμν + iβ(δμν pτ pτ + 2pμpν). (12)
This deformation of the Heisenberg algebra occurs due to a defor-
mation of the usual uncertainty principle to a generalized uncer-
tainty principle [24–28]. In fact, this algebra [24–28] is a covariant 
version of the usual deformed by the generalized uncertainty prin-
ciple [12–18], and it corresponds to the existence of both a min-
imum measurable length and a minimum measurable time. This 
is because the generalized uncertainty corresponding to this de-
formed algebra is [24]
xμpμ ≥ 1
2
(
1+ βpρpρ + β〈pρ〉〈pρ〉
)
+ i (βpμpμ + β〈pμ〉〈pμ〉)
= 1
2
(
1+ 3βpμpμ + 3β〈pρ〉〈pρ〉
)
. (13)
This in turn can be used to argue for the existence of a minimum 
measurable length ls and a minimum measurable time ts , in the 
theory, where
ls =
√
3β =
√
3ξ2|C |,
ts =
√
3β =
√
2ξ2|C |. (14)
It is possible that for non-relativistic systems, the temporal part of 
such a deformation might be neglected [29], and in this case, we 
can write [12–18]
[pi, x j] = iδij + iβ(δij pk pk + 2pi p j) (15)
The coordinate representation of the momentum operator can now 
be written as
pi = −i(1− β∂k∂k)∂i (16)
The generalized uncertainty principle corresponding to this de-
formed Heisenberg algebra, for the simple one dimensional case, 
can be written as
x ≥ 1
2
(1+ β(p)2). (17)
Thus, we can argue that the generalized uncertainty principle oc-
curs because of the breaking of supersymmetry.
It may be noted that the relation between the non-anticom-
mutativity and generalized uncertainty principle is something that 
was expected to occur. This is because the non-anticommutativity 
occurs due to background ﬂuxes in string theory as a α′ level 
246 M. Faizal / Physics Letters B 757 (2016) 244–246effect as Cαβ = α′Fαβ , and similarly Cαα˙ = α′Fαα˙ . Further-
more, as strings have an extended structure, and they are also 
the smallest probes that can be used in string theory, it is 
not possible to probe below the string length scale. Thus, the 
string length 
√
4πα′ will act as the minimum measurable length 
scale, deforming the Heisenberg algebra to [xμ, pν ] = iδμν +
i f (4πα′) 
[
δ
μ
ν p
τ pτ + 2pμpν
]
, where f (α′) → 0, if strings are 
considered a point i.e., α′ → 0 [30]. This will deform the co-
ordinate representation of the momentum operator as ∂μ →
(1 − f (4πα′)∂τ ∂τ )∂μ . Now the leading order behavior of f (4πα′)
is f (α′) ∼ α′ and the leading order behavior of β is β = ξ2|C | ∼ α′
as Cαα˙ = α′Fαα˙ . Thus, both the deformation are of α′ order, and 
this seems to be the reason that the non-anticommutativity can be 
related to the generalized uncertainty principle. However, we have 
explicitly demonstrated that the non-anticommutative deformation 
of the free Wess–Zumino model produces exactly the same results 
as the results obtained from the generalized uncertainty principle. 
Hence, it can be used as a new motivation to study the generalized 
uncertainty principle.
It may be noted that the non-anticommutativity will produce 
higher derivative terms, and so it will be problematic to view it 
as a fundamental theory. However, we view it as an effective ﬁeld 
theory description of some more fundamental theory, where scales 
greater than a certain scale have been integrated out. We would 
like to point out that even though higher derivative terms have 
several problems associated with them, they are still being studied 
as they occur in various different approaches to quantum gravity. 
In this paper, we do not claim to resolve these problems associated 
with these higher derivative terms, but only demonstrate that the 
form of the higher derivative terms that occurs due to the defor-
mation of a ﬁeld theory by non-anticommutativity is exactly the 
same as the higher derivative terms produced by the generalized 
uncertainty principle. We would also like to point out that the
generalized uncertainty principle occurs in almost all theories of 
quantum gravity. So, non-anticommutativity should not be taken 
as the main reason for the occurrence of generalized uncertainty 
principle. It should rather be taken as another motivation for the 
occurrence of generalized uncertainty principle.
Finally, we will like to comment that the ﬁeld theory obtained 
from non-anticommutative deformation [11], and generalized un-
certainty principle [24], resembles a Lee–Wick ﬁeld theory [31,32]. 
The Lee–Wick extension of the standard model has also been con-
structed [33]. It was observed that this Lee–Wick extension of the 
standard model stabilizes the Higgs mass against quadratically di-
vergent radiative corrections. It has been demonstrated that the 
in the Lee–Wick extension of the standard model, the familiar 
see-saw mechanism for generating neutrino masses preserves the 
solution to the hierarchy puzzle provided by the higher derivative terms [34]. The ﬂavor changing neutral currents have also been 
studied in the Lee–Wick extension of the standard model [35]. 
As the generalized uncertainty principle can be used to obtain a 
Lee–Wick extension of the fermionic ﬁelds, it would be interest-
ing to investigate the consequences of this relation between this 
Lee–Wick extension model and the generalized uncertainty princi-
ple.
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